
EVALUATION OF THE NEUROPROTECTIVE POTENTIAL IN MPP+-INDUCED NEURODEGENERATION OF 
NEW HETEROCYCLIC COMPOUNDS BASED ON PYRAZOLOPYRIDINE SCAFFOLD

1 - Synthetic strategies / Pharmacomodulations

❑ Scope of Suzuki-Miyaura cross coupling of 4

Fig .1. Evaluation of cell viability of SH-
SY5Y cells exposed to various
concentrations (0.1-10 mM) of MPP+ at
indicated times. Cells were treated for 12,
24, 36 and 48 h at 37°C. Data represent
the mean ± SD of at least six independent
experiments in triplicate and are
expressed as percentage of control cells.

The interest for the synthesis of the pyrazolo[3,4-b]pyridines has increased in organic and pharmaceutical chemistry. This heterocyclic system is found in a number of molecules possessing biological
and/or pharmacological properties. In this study, first we aim to synthesize potential neuroprotective heterocyclic compounds based on pyrazolopyridine derivatives and then to evaluate their
neuroprotective and antiapoptotic effects in Parkinson’s disease model. Human neuroblastoma cell line SH-SY5Y was employed and MPP+ was used to generate PD model in vitro. Western blot
analysis was made to assess the apoptotic effect of MPP+ on SH-SY5Y cells and the potential neuroprotective effects of the synthesized compounds.

2 - Biological studies
❑ Cell viability studies
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Fig.2. Effects of newly synthesized
compounds on cell viability in MPP+-
induced dopaminergic cell death. All
values are means ± SDs (n = 5). * p<0.05
significant difference from MPP+ and 10 or
20 µM concentrations of compound
treatments. ** p<0.05 significant
difference from MPP+-treated cells..

Compound % Neuroprotection Compound % Neuroprotection

4 * at 10 and 20 µM/** at 5 µM 11 * at 10 and 20 µM/** at 5 µM

5 * at 10 and 20 µM/** at 5 µM 12 * at 10 and 20 µM/** at 5 µM

6 * at 10 and 20 µM/** at 5 µM 13 * at 10 and 20 µM/** at 5 µM

7 * at 10 and 20 µM/** at 5 µM 14 * at 10 and 20 µM/** at 5 µM

8 * at 10 and 20 µM/** at 5 µM 15 * at 10 and 20 µM/** at 5 µM

9 * at 10 and 20 µM/** at 5 µM 16 * at 10 and 20 µM/** at 5 µM

10
* at 10 and 20 µM** at 5 µM

17
** at 5 and 10 µM/* at 20 µM

18
** at 5 and 10 µM/* at 20 µM

❑ Protein analysis

The percentage of neuroprotection-induced by compounds against MPP+-induced neurotoxicity in SH-SY5Y cells.
*Neuroprotection is between 10%-20%. ** Neuroprotection is between 20%-30%.
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Fig .4. The changes in bax, caspase-3, Bcl-2 and Bcl-xl protein levels following 5 µM 8, 10, 13,
14, 16 or 18 against 2 mM MPP+-induced apoptosis. Representative Western blots showing
protein expression of protein levels following treatments. Graphs indicate the relative
densitometric values of indicated proteins. Quantification of protein product was performed by
densitometric scanning. Data are normalized by using the β-actin signal and expressed as arbitrary
densitometric units. Values are means ± SD; n = 3 in each group. *p<0.05 significant difference
from MPP+-treated cells.
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Fig .5. The changes in bax, caspase-3 and Bcl-xl protein levels following 1 µM 8, 10, 13, 14, 16
or 18 against 2 mM MPP+-induced apoptosis. Representative Western blots showing protein
expression of protein levels following treatments. Graphs indicate the relative densitometric
values of indicated proteins. Quantification of protein product was performed by densitometric
scanning. Data are normalized by using the β-actin signal and expressed as arbitrary densitometric
units. Values are means ± SD; n = 3 in each group. *p<0.05 significant difference from MPP+-
treated cells.

Fig .3. The changes in proapoptotic bax protein
levels following MPP+ treatments for 3, 6, 12, 24, 48 h in
SH-SY5Y cells. *p≤0.05 significant difference from
control group and 3 or 6 hours MPP+- treated cells

3 – Conclusion /  References
In conclusion, our results provide an evidence that these heterocyclic compounds
based on pyrazolopyridine scaffold have a role on dopaminergic neuroprotection.
The neuroprotection of the compounds against MPP+-induced apoptosis may be
associated with the regulation of pro- and anti-apoptotic proteins, oxidative stress
and downregulation of caspase-3 activation. According to our results, we suggest
that these compounds, particularly most active ones, can be used for potential
novel therapies in the treatment of Parkinson’s disease.
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